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ABSTRACT 

Objectives: Retrospective evaluation of cases of limb replan- 
tation after avulsion injuries. Evaluation of the techniques and 
tactics used, that contributed to success and good functional 
results. Methods: Forty-three patients' records were assessed. 
All the cases had been submitted to limb replantation after 
avulsion injuries. Results: The majority of the cases were young 
men. The most common injury was to the thumbs. The surgical 
techniques and tactics used were: nerve grafting, vein grafting, 
transposition of the digital vessels, limb shortening, and hete- 
rotopic replantation. The most commonly used technique was 
vein graft. The limb survival rate was high (93%), as was patient 



satisfaction. Conclusion: Replantation after avulsion injury de- 
pends on the correct diagnosis of the limb viability and the use 
of appropriate surgical techniques and tactics for each case. 
The experience of the team of surgeons and a good hospital 
structure are essential for good results. There are few articles in 
medical literature about the indications, techniques and results 
of limb replantation after avulsion injuries. We believe that this 
retrospective evaluation can bring new information and con- 
tributions to the correct management of this highly complex 
situation Level of evidence IV, Case Series. 
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INTRODUCTION 

The indication of replantation procedures is often complex and 
based on several factors such as: age of patient, amputation 
level, trauma mechanism, comorbidities of the patient, ischemic 
time and others. 1 " 4 

The main goals to be achieved in replantation are not only the 
survival of the amputated limb, but also satisfactory long-term 
functional recovery. 5 ' 6 

In this context, replantation after avulsion injuries constitutes a 
challenge for the microsurgeon. 7 In avulsion injuries the lesions 
of the vessels, nerves and tendons extend lengthwise beyond 
the level of amputation. 89 Vessel anastomosis is frequently not 
possible in the termino-terminal mode, and it is necessary to 
use a vein graft, artery graft or other techniques, such as blood 
vessel transfer. 10 ' 11 The avulsed tendons, when allowing primary 
reconstruction, will usually evolve with less satisfactory function 
than in cases of replantation due to other injuries. 12 
Avulsion injuries entail greater difficulty, not only for replantation, 
but also for secondary procedures. 5 One or more additional se- 
condary procedures (skin coverage, tenolysis, tendon transfers) 



are usually necessary to improve the function of the avulsed 
and replanted limb. 13 

In the not-so-distant past, avulsion injuries constituted an ab- 
solute contraindication to the replantation procedure. Now this 
reality has changed. 2 

Advances in microsurgical techniques have enabled the hand 
surgeon/microsurgeon to recommend and to achieve success 
in cases of replantation after more complex injuries. 14 " 16 
Knowing that replanted upper limbs present function that is 
superior to the prostheses available nowadays, the possibility of 
replantation, even in cases of severe lesions such as in avulsion 
injuries, should always be considered. 17 

CASUISTRY 

The study consists of the retrospective evaluation of the medical 
records of 43 patients who presented upper or lower limb avul- 
sion injuries and were submitted to the replantation procedure. 
These patients represent a small portion of the total number 
of replantation surgeries effectively performed, yet presented 
rich documentation that allowed a better evaluation of the pre-, 
intra- and postoperative data. 
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The patients were operated at the Institute of Orthopedics 
and Traumatology of Hospital das Clinicas of FMUSP and at 
other private hospitals in the period from 1988 to July 2009, 
with all surgeries performed by members of the hand and 
microsurgery group. 

The data were gathered through searches in the patients' me- 
dical records and the surgeons' personal records. 
Cases that were poorly documented or that lost follow-up, were 
excluded from this study. 

METHODOLOGY 

The following data were obtained from the patients' medical 
records: 

1 . Age at the time of the injury 

2. Sex 

3. Affected limb (upper/lower and right/left) 

4. Amputation level 

5. Ischemic time until the start of replantation 

6. Surgical techniques used in replantation 

7. Life expectancy of replantation 

8. Patient satisfaction with replantation (subjective) 

RESULTS 

The age of the patients ranged from three years to 56 years 
(average of 26 years). 

Of the 43 patients analyzed most (77 % of the cases) were of 
the male sex. 

Only one case involved lower limb avulsion (case of bilateral 
traumatic amputation). The other 42 cases corresponded to 
upper limb avulsions. 

As regards the side affected in the amputations, 62.8 % of the 
cases involved the right limb. 

As regards the level of amputation, the case of avulsion of the 
lower limbs corresponded to bilateral amputation at ankle level. 
In the cases of avulsion of the upper limbs, one case was of 
amputations at arm level, one case at elbow level, six cases 
at forearm level, two cases at wrist level, 23 cases of thumb 
avulsion and 9 cases of avulsion of one or more fingers (except 
thumb). (Figure 1) 

The ischemic time ranged from 2 hours to 13 hours (average 
of 6 hours). 
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Figure 1 . Level of avulsion injury of the patients evaluated. 
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As regards the surgical techniques used in replantation after 
avulsion, these varied in the following techniques: vein grafting, 
nerve grafting, limb shortening, transfer of digital vessel, micro- 
surgical flaps and heterotopic replantation. 
It is worth remembering that in most cases, the surgical tech- 
niques mentioned here were used jointly (e.g.: vein grafting + 
nerve grafting), since the type of injury increases the technical 
complexity of replantation. 

Vein grafts were used with greater frequency (70.8% of the cases). 
In the cases of digital replantation, a technique that can be used 
is the transfer of a whole digital vessel originating from a donor 
finger on the same hand. This technique was applied in 44.4 % 
of the cases of digital replantation in this study. 
Nerve grafts were used in 33.3% of the cases in this study. 
The replanted limb shortening technique was used in 16.6% 
of the cases. 

In the specific cases of multiple finger amputations, another 
surgical technique that can be used is heterotopic replantation. 
This technique was used in 8.3% of the cases of digital replan- 
tation included in this study. 

Primary coverage with microsurgical flaps was necessary in 
8.3% of the cases. (Figure 2) 
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Figure 2. Surgical techniques applied. 

Of the 43 cases, four had to be readdressed for review of the 
microsurgical anastomoses. Of these, one case evolved with 
survival of the limb and three cases with regularization after loss 
of replantation, which results in a survival rate of 93%. 
As regards the last item of data analyzed, but not the least 
important, we sought to estimate patient satisfaction with the 
replanted limb. Not all the patients are fully satisfied in terms 
of function expected for the replanted limb, but all the patients 
declare they are more satisfied having their original limb replan- 
ted than making use of prostheses. 

DISCUSSION 

Since 1962, the year in which the first successful replantation was 
described in the world, surgical techniques in replantation and 
microsurgical techniques have evolved at a surprising speed 35 18 
Thanks to the advances of instruments, optics and specialization 
among microsurgeons, today we have access to a technology that 
allows us to acquire a wealth of details and affords the dexterity 
to perform microsurgeries with increasing safety and success. 
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In replantation cases, factors that previously represented ab- 
solute contraindications for its performance, due to microsur- 
gical technical advances, are currently relative contraindica- 
tions. 2 ' 9 ' 10 ' 19 Technically speaking, replantation after avulsion 
injuries is more laborious, 7 but can be executed by a qualified 
microsurgeon, and it is possible to use various microsurgical 
techniques. 

In the bibliographical survey carried out for the performance of this 
trial, we did not find many case series with such a significant ca- 
suistry as that obtained in our study. We believe that the shortage 
of studies referring to replantation in amputations after avulsion 
injuries is due to the fact that until recently avulsion injuries were 
considered a contraindication to the replantation procedure. 12 
In evaluating the results obtained in this study, we observed 
that the average age was 26 years. Most of the patients were 
of working age, and suffered accidents during the work period. 
Male predominance, the greater involvement of the upper limbs 
and of the dominant side (right, in the majority of the popula- 
tion), reinforces the idea that the population most susceptible 
to traumatic amputations is made up of manual workers. 
The greater frequency of involvement of the male sex, be- 
tween the third and fourth decades of life, was also observed 
in other studies. 4 ' 8 ' 20 ' 21 

The level of amputation that predominated in this study, was 
amputation of the thumb (23 of the 43 cases). We believe that 
cases of thumb avulsion predominated because the thumb is 
known to be the most important digit for digital pinch function, 
and rarely has its replantation contraindicated. A large part of 
the studies found on replantation after avulsion injuries are 
about thumb replantation. 4 ' 7 ' 11 ' 13 " 16 ' 19 ' 21 
The ischemic time ranged from 2 to 13 hours. Most authors 
accept the time of six hours as the time limit for macro-replan- 
tation. 9 The more distal the level of amputation, the smaller the 
quantity of soft parts affected and the longer the acceptable 
ischemic time. 8 

As concerns the surgical techniques applied in the cases eva- 
luated, these varied from simple procedures such as stump 
shortening with performance of primary anastomoses, to more 
complex procedures such as vein and nerve grafting associated 
with primary tendon transfers. 

Vein grafts allow the surgeon to offset the longitudinally exten- 
sive lesion of the vessels associated with the avulsion injury. 22 
They can be applied in arterial or venous anastomoses. It is 
technically more laborious, since it requires the performance 
of two anastomoses for each vessel that receives the vein graft 
segment, also increasing the chances of technical complica- 
tions. The most frequent donor sites are the saphenous veins, 
the volar superficial antebrachial veins or superficial dorsalis 
pedis veins. 22,23 The surgical tactic consists of performing the 
vein graft first in the arterial segment, allowing temporary per- 
fusion of the limb with the flow of blood through the venous 
system, thus facilitating the visualization and the anastomosis 
of the graft in this system. 22 " 24 

Some of the case series encountered during the bibliographical 
survey already indicated the use of vein grafts as a fundamen- 
tal and necessary step towards success in replantation after 
avulsion injuries. 25 



The transfer of digital vessels can be used in digital replantation. 
This calls for delicate dissection, besides the precaution of 
checking whether the vessel to be displaced will not impair the 
vascularization of the donor finger. This check can be carried 
out by clamping the digital vessel to be transposed, before it is 
transected, and verifying whether the other digital vessel of the 
donor finger is sufficient to maintain its vascularization. 
Avulsed nerves, like vessels, present longitudinal lesions that 
reach beyond the skin level of the amputation. 26 They can be re- 
constructed in a second surgical procedure, but should ideally 
be carried out in the same procedure as the replantation. 27 They 
are usually taken from the sural nerve or from other cutaneous 
sensory nerves. 26 

In cases of macro- or micro-replantation, a simple surgical 
technique, which can be used often without major functional 
impairment, is limb shortening. This technique allows the longi- 
tudinal component of the lesion in the vessels and nerves to be 
neutralized, often allowing primary anastomosis of the vessels 
and the primary suturing of the nerves. 28 
In lesions of multiple fingers, we can use the heterotopic re- 
plantation technique, which consists of replanting an ampu- 
tated finger on a non-corresponding stump. This technique 
aims to prioritize the replantation of fingers that are functionally 
more important, in cases of amputation of two or more fingers. 7 
Moreover, it sometimes allows us to associate the shortening 
technique, technically facilitating the replantation procedure. 
As already discussed, in avulsion injuries, especially of large 
segments, we often come across associated loss of skin cover. 
Many cases can be resolved with a simple partial skin graft, yet 
some more complex cases require coverage with microsurgi- 
cal flaps. 29 Ideally the skin coverage should be performed in 
conjunction with the replantation procedure, but it is necessary 
to weigh the patient's clinical state and the prolonged surgical 
time. (Figures 3 to 12) 




Figure 3. Male patient, aged 32 years. Avulsion of left thumb caused by 
lawn mower 4 hours ago. Surgical technigue: Transposition of the ulnar 
artery of the left 3 rd digit Left thumb. 
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Figure 4. Male patient, aged 28 years. Amputation left 1st, 2nd and 3rd 
digits by paper cutter (guillotine + avulsion) 6 hours ago. Surgical tech- 
nigue: Heterotopic replantation of the 3 rd digit in the left thumb. 




Figure 5. Male patient, aged 7 years. Degloving injury left hand with avul- 
sion of the left thumb 2 hours ago caused by industrial machine (bakery). 
Surgical technigue: Dorsalis pedis vein graft for anastomosis between ra- 
dial artery (anatomical snuffbox) and princeps pollicis artery. Dorsalis pedis 
vein graft for creation of arteriovenous shunt between radial digital artery of 
the thumb and dorsal vein of the forearm. Anterolateral microsurgical flap 
from the arm and skin grafting for coverage of hand degloving injury (same 
surgical procedure). 




Figure 7. Male patient, aged 33 years. Avulsion of the right arm 3 
hours ago after motorcycle accident. Surgical technigue: humeral 
shortening, vascular grafts (great saphenous vein) for artery recon- 
struction and brachial vein, sural nerve graft for reconstruction of the 
median and radial nerves (ulnar abandoned). Latissimus dorsi rotation 
for skin coverage and biceps function recovery. 
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Figure 8. Male patient, aged 24 years. Avulsion of the right forearm 5 
hours ago, caused by industrial machine. Surgical technique: forearm 
shortening; vascular grafts (great saphenous vein) for reconstruction of ra- 
dial and ulnar arteries and cephalic and basilic veins, and two others from 
the superficial dorsal system; sural nerve graft for reconstruction of the me- 
dian and ulnar nerves. Prophylactic fasciotomy (closure with skin graft). 




Figure 9. Female patient, aged 29 years. Avulsion of right 4 th digit by 
ring hours ago. Surgical technique: Vascular grafts (veins from palmar 
system of wrist) for arteries reconstruction and digital veins; Suture of 
the digital nerves. 




Figure 10. Male patient, aged 17 years. Bilateral avulsion of the feet 
caused by a crane 8 hours ago. Surgical technique: bone shortening; 
vascular grafts (great saphenous vein of the leg not replanted) for re- 
construction of the anterior and posterior tibial arteries and veins; sural 
nerve graft for reconstruction of the tibial nerve. 




Figure 11. Male patient, aged 32 years. Avulsion of the right thumb 
caused by motor belt 4 hours ago. Surgical technique: transfer of radial 
digital artery of the middle finger to princeps pollicis artery of the thumb, 
vein grafts to dorsal veins. Radial sensory nerve graft to digital nerves. 
Tendon transfers: superficial flexor of the middle finger to long flexor of the 
thumb and own extensor of the index finger to long extensor of the thumb. 
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Figure 12. Female patient, aged 21 years. Avulsion of the left thumb 4 
hours ago after a car accident. Surgical technigue: vein graft for recon- 
struction of the princeps pollicis artery of the thumb, vein grafts to dorsal 
veins. Radial sensitive nerve graft to digital nerves. Tendon transfers: 
superficial flexor of the ring finger to long flexor of the thumb and own 
extensor of the index finger to long extensor of the thumb. 



As regards the replantation life expectancy, we believe that 
we have worked with a biased sample of cases. The cases 
that are usually well documented and that maintain follow-up 
are those that presented good results. The cases that evolved 
poorly, without survival of the limb, are not usually filed and do 
not maintain long-term follow-up. 

It is still the consensus that in the case of amputation of the 
upper limbs, no prosthesis is able to restore the total functions 
of the lost limb, a fact that justifies the effort in replanting a 
segment of amputated upper limb. 2 ' 1730 

CONCLUSION 

Based on our data, we concluded that replantation after avul- 
sion injuries depends on the use of complementary surgical 
techniques (nerve grafting, vein grafting, transposition of 
vessels, heterotopic replantation, limb shortening, coverage 
with flaps) in order to achieve success. 
If there is an adequate structure (specialized and available 
microsurgical team, adequate microscope, microsurgery 
instruments, ICU support, qualified nursing staff and the- 
rapists), and if the participants know how to recommend 
the most appropriate surgical technique, replantation due 
to unfavorable mechanisms, such as avulsion injuries, can 
be executed nowadays with a very good chance of survival 
and satisfaction of the patient. 
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